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We have developed a faculty research interests re-
source by "mining" MEDLINE for relationships
that are not directly queryable through the normal
MEDLINE schema. Faculty citations are retrieved
and World-Wide Web pages built to interconnect
authors, their citations, and the MeSH terms that
have been assigned to these citations. The design
and development of the resource are discussed and
examples of the results illustrated.

INTRODUCTION

The customs, habits and work routines of large
medical institutions make it difficult or impossi-
bile to keep track of centers of expertise outside
of one's field. In spite of internal newsletters and
other promotional material that bring visibility to
selected projects, obtaining timely information on
"who does what" can be daunting. Assistance to
faculty networking can be extremely important for
a variety of reasons. Often, ready sources of aca-
demic expertise exist close at hand and can be
tapped for advice relating to grants, publications,
and technical information. Information about who
is doing what can promote collaboration and other
collegial exchanges that are beneficial to an indi-
vidual researcher or clinician as well as serving the
higher purposes of the institution itself.
Since 1981, Baylor College of Medicine (BCM) has
maintained a faculty database that tracks faculty
achievement in areas of publication and research
awards. For the last five years, the database has
tracked faculty research interests as well. The
database, in relational format, was developed in
Paradox by one of us (P.C.). This resource is
maintained at considerable effort through annual
survey of faculty productivity (83 percent compli-
ance requiring a two month collection effort) and
manual updating of the data. The information,
used primarily for reports to the Executive Offi-

* Author's current address: MCC, Austin, TX

cers, is potentially available to all faculty simply
by calling the Office of the President.
Several benefits have been realized by the use of
this database in the administrative and executive
offices of the College:

* It was used retrospectively to assess the effec-
tiveness of changed strategic emphases man-
dated by the College in 1987.

* It can assist the Office of Public Affairs with
journalist media queries to identify faculty
with particular expertise.

* It has assisted current strategic planning by
BCM executives who have identified eight
new areas of emphasis. The database was
queried to establish Faculty committees as-
sembled from local experts in these fields to
make recommendations for ways to expand
programs in these areas.

Use of this database can yield other benefits. For
a variety of reasons, however, this information re-
source remains underutilized. It has had little
chance to serve its intended purpose which is to
promote exchange of information among the fac-
ulty at the College. There are several disadvan-
tages to the current system:

* Faculty input is indirect, and faculty mem-
bers' descriptions of their own work are of-
ten inadequate. Vague terms such as "re-
search," "study," and "analysis" appear fre-
quently, and individual variations in nomen-
clature can cause overlapping interests to be
missed.

* Data collection and update is an arduous pro-
cess, paper distribution is expensive, and the
database is difficult to access otherwise.

A faculty committee on Information Technology
at Baylor has recommended that a resource like
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the interests database be made available via the
World-Wide Web (or, simply "the Web"). The
committee has cited difficulty of access and incom-
pleteness of data as inadequacies of the current
system. For these reasons we have undertaken a
development effort to augment the current system
with one that addresses the aforementioned prob-
lems.
To provide an already well-established indexing
scheme, we are using the Medical Subject Head-
ings (MeSH) of MEDLINE and the MeSH hierar-
chy as derived from the Unified Medical Language
System (UMLS) Metathesaurus [1], to construct
a web of pages that relate BCM authors to the
MeSH terms that were used to index their pub-
lished work. Using this resource, one can deter-
mine which BCM researchers have written some-
thing on the topic of a given MeSH heading.

Related Work
The idea for this work developed during previous
work on "data mining" in MEDLINE for the pur-
pose of automatic categorization of Web pages [2,
3]. The work draws on the concept of semantic
locality in the UMLS [4]. The faculty research
interest resource assembles authors into seman-
tic locales based on the MeSH headings assigned
to their published work. Another significant ex-
ploitation of semantic locality using the UMLS is
the work of Yang and Chute on automatic text
categorization [5, 6].
In a project with motivations similar to ours,
Schwartz grouped computer users with similar in-
terests or expertise [7] by collecting samples of
electronic mail from 15 sites around the Western
Hemisphere and building a graph based on senders
and receivers in order to compute an interest dis-
tance between individuals.

METHOD
Our approach to building a useful index of fac-
ulty research interests relies on the wealth of infor-
mation that is available in MEDLINE. MEDLINE
contains several logical data relations that are not
directly accessible by query. The data are "mined"
to extract these relations and make use of them.
The method is straightforward: We retrieve from
MEDLINE the citations for which the institution
is recorded as "Baylor College of Medicine," and
use the results to build a web of pages containing
citations, authors, and MeSH terms. The pages
produced are accessible via the Web, and provide
a number of interesting results.

Object-based design was used to develop this re-
source; that is, while the objects developed in
the program did not inherit properties from su-
pertypes (object orientation), each object had a
handling mechanism that dealt with creation and
incremental modification (no deletion mechanism
was provided, since this is a historical resource) in
a manner analogous to object methods.
Inputs
In order to provide a model for development of a
college research information resource, we incorpo-
rated data from several sources into this database.
UMLS Metathesaurus. Two relations from the
UMLS Metathesaurus were used to build the web
of MeSH terms. The concept relation (mrcon) as-
sociates the terms assigned to individual citations
with the appropriate Metathesaurus unique iden-
tifier, and the context relation (mrcxt) provides
the hierarchical structure within the MeSH.
MEDLINE. Citations were collected from a local
copy of MEDLINE using the query INSTITUTION
= (Baylor College of Medicine). Fields re-
trieved included author, title, institution (the in-
stitution field frequently contains departmental
information that can help differentiate authors),
source, MeSH headings, and abstract. The unique
identifier is also retrieved to serve as a pathname
for the citation's URL (Universal Resource Loca-
tor).
College Resources. The database maintained
by the College's Faculty Resources provides infor-
mation about BCM authors including full nane,
degree, position, and office. The personnel
database provides contact information including
email address, telephone, and fax.
Processes
The procedures developed for this project were
comparatively simple, as befits the simplicity of
the data mining involved. Each citation was iden-
tified by its unique mesh identifier, each MeSH
term by its Metathesaurus identifier, and each au-
thor by a string derived from the MEDLINE cita-
tion standard for authors. This enabled the con-
struction methods for the various objects to build
URL's for other objects knowing only a path and
identifier, without necessarily requiring that the
object exist at the time the URL was created.
Author Mapper. The author mapper constructs
a mapping from MEDLINE's surname--initials
style of naming to the full names by which the
authors are known to the institution. This task
is better performed in advance of the creation of
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the faculty interests resource, because automat-
ing the task is open to several obvious difficul-
ties: Surnames can appear in several forms; in our
sample from MEDLINE, there were three different
spellings of the name "De Bakey," and at least one
other name was present with and without the suf-
fix, "Jr." The same individual can appear with
one or two initials. Other problems occur, includ-
ing typographical errors. Consequently, human in-
spection of the results of this mapping is essential.
Term Webmaker. The term webmaker is in-
voked for each main MeSH heading in each cita-
tion. A new page is created for the term if it does
not already exist, and pointers are created to each
parent node found in the MeSH source of UMLS
Metathesaurus (there may be parents in multiple
contexts). The term webmaker is then recursively
invoked for each of these parents. A child link
to the page that invoked it is added to each page
that is recursively invoked. The resulting acyclic
directed graph contains exactly that portion of the
MeSH hierarchy that contains all the MeSH terms
used in citations authored by colleagues at BCM.
Author Webmaker. The author webmaker is
invoked for each author named in each citation,
creating a new page for the author if appropriate,
and identifying the author by full name, depart-
ment, and several other points of interest. Links
are created to the corresponding citation page, to
the MeSH terms, and to co-authors' pages. A link
is created from each MeSH term to the author,
and the ancestors of those MeSH terms are each
updated to reflect the presence of an additional
author in the tree below them.
Citation Webmaker. The citation webmaker
is the simplest of all these constructors. It in-
volves merely reformatting the information avail-
able from the MEDLINE citation into HTML,
placing links to the author pages and to the MeSH
pages. As a citation is created, a pointer to it is
also added to the appropriate MeSH pages, and
their ancestors are updated to reflect the presence
of an additional citation.
Outputs
The outputs that result from this set of processes
resemble Figures 2 through 3, found in the fol-
lowing pages. Faculty pages (as in Figure 1) link
authors to their interests (as recorded in MED-
LINE), co-authors, and to those papers published
in MEDLINE with BCM as the lead institution
(including papers authored in collaboration with
other institutions is a non-trivial problem, prob-
ably best solved by query to the authors them-

Figure 1 An author page

Figure 2 A MeSH page

selves). MeSH pages link the relevant parts of the
MeSH hierarchy to the faculty members who have
published on those topics and to the papers them-
selves. An example mesh page appears in Figure 2.
Figure 3 illustrates an example citation page. Ci-
tation pages make explicit each relation that was
drawn elsewhere between the MeSH hierarchy and
the faculty.

RESULTS
The Faculty Research Interest Resource is now ac-
cessible to colleagues at BCM. Entry into the re-
source is a query page allowing search by author
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Figure 3 A citation page

name, citation title, or MeSH term. A few par-
ticulars about the system performance in terms
of storage, execution time, and human effort are
worthy of note.
Storage. Storage demands are roughly 1.5 kilo-
bytes per author, 2 kilobytes per citation, and 1
kilobyte per MeSH term. This translates to about
6 megabytes of storage for HTML pages based on
the BCM citations entered into MEDLINE during
1995 and 1996 combined.
Time. The object-based development approach
induced several inefficiencies that would be worth
removal for a system that ran more frequently
than monthly. Numerous possible optimizations
were ignored in the interest of conserving devel-
opment time, mostly related to repeated indepen-
dent accesses to the HTML files during modifica-
tion. The system was developed in Tcl, which
is a programmer-friendly language, but tends to
run slowly. Consequently, it appears to take
roughly 30 seconds of clock time to add a cita-
tion to the web. This is tolerable only in the con-
text of a process that is run seldom, on relatively
small amounts of data (roughly 100 citations per
month), as this one is.
Human effort. Little time or human effort will
be required for monthly update. Our design makes
this process straightforward. On the order of
100 BCM citations are added to MEDLINE each
month; we will be able to employ the retrieval
component of the MeSH-Indexer medibot [2] with
the query INSTITUTION = (Baylor College of
Medicine) AND (ENTRYMONTH = last month) as
the first step of an automated process to accrue

the newest MEDLINE citations and add them to
the research interest web. The computation will
require about 50 minutes of real time by our es-
timates. Examination of the resulting logs for in-
consistent author names and the like will require
additional time on the part of a human analyst.

DISCUSSION
There are several factors that present difficulty in
the development of the faculty interest resource.
First, only those publications that are indexed in
MEDLINE can contribute to the MeSH hierarchy.
Second, only those citations for which a BCM col-
laborator is first author are retrieved using our
simple query. A more complex query sequence
that systematically retrieved all citations for each
author would likely run afoul of the limited iden-
tification scheme adopted in MEDLINE by which
only first and middle initials are stored. Another
issue is the question of reconciling the maturation
of vocabulary over the years. We have not yet
evaluated the impact of using the 1996 UMLS for
our concept graph.
An enhancement to the resource would be to add
other information from the Metathesaurus to the
MeSH pages, such as the definition. At this
time, we consider it inappropriate to duplicate this
information, which is available from the UMLS
server at the National Library of Medicine (NLM).
We may incorporate links to the NLM server if de-
mand is felt.
The use of HTML as the storage medium, as
opposed to using conventional or object-oriented
database technology, was motivated for several
reasons. First, the output can be manually
inspected without difficulty and displayed and
tested trivially using a Web browser. Second, serv-
ing static HTML is less of a load on the server
than the computation that would be necessary to
generate these pages on the fly from a database
gateway interface. In addition, because this is a
largely historical resource, it changes slowly and
only through accretion. Consequently, the great-
est benefits of using database technology, multi-
ple access control and management of deletion and
modification, are wasted. Finally, some of the in-
formation stored would be prohibitive to compute
on the fly, so the benefit of formal database struc-
ture is further diminished.
Disadvantages of using HTML include high stor-
age overhead, which we chose to sacrifice for speed
of delivery. More important, the flexibility of the
application is reduced, because automatic query
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becomes a matter of parsing HTML to reveal the
underlying schema. This is an inherent limitation
of the Web, which serves well as a user interface,
but less so as a resource for computation.
A useful enhancement would be to generalize the
description of an author's interests by identifying
terms that are siblings or cousins and assigning
their least common ancestor to the author's page.

Anticipated Benefits
Future uses of a Web-based resource in the College
will be several, and will stem in part from the wide
accessibility of the resource.

* Grant programs could be proactively targeted
to researchers involved in particular fields by
automatically combing the grants database
and the faculty interests resource to match
grant programs to specific faculty members
and notify them of opportunities.

* Abstracts could more easily be routed to the
people most likely to be able to review them.

* Identifying the interests of the faculty could
be useful in strategic planning to determine
the college's history and direction. This re-
source should be able to help monitor the
trends in the eight critical areas of the Col-
lege's strategic research emphasis.

CONCLUSION
Using computers to aid human collaboration is not
a new idea. Bush's Memex was a vision that, al-
though expressed without reference to computing
machines, must have been inspired by the com-
putational power he saw in Eniac [8]. Bush rec-
ognized that knowledge accessibility and the in-
terlinking of related knowledge are central to the
augmentation of human intelligence.
Metaphorically speaking, a convocation of a col-
lege faculty can be compared with a working com-
puter: the assembly hall is a memory board, with
each seat an address into which is mapped an el-
ement of associative memory known as a faculty
member. The faculty in attendance are the por-
tion of the corporate memory of the college that
is "swapped in" to main memory. The numerous
connections between these associative elements in-
clude friendships, acquaintances, and working re-
lationships. In addition to these are countless po-
tential relationships that might flourish, yielding
novel and fruitful scientific and clinical results, but
which remain undiscovered.

The use of networked information resources holds
great promise for augmenting the powers of all-
too-fallible human memories; the faculty research
interests resource is one small way of improving
the connections in the human network that is the
biomedical research community. Extending the
resource to include all the institutions that have
contributed literature indexed in MEDLINE could
create a global biomedical research network.
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